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Abstract 
 
Introduction: We evaluated the contribution of denervation-related molecular processes 
to rotator cuff muscle degeneration after tendon release.  
Methods: We assessed the levels of myogenic (myogenin and myogenic differentiation 
factor [myoD]) and pro-adipogenic (peroxisome proliferator-activated receptor gamma) 
transcription factors; the denervation-associated proteins tenascin-C, laminin-2, and 
calcium/calmodulin dependent kinase II (CaMKII); and cellular alterations in sheep after 
infraspinatus tenotomy (TEN), suprascapular neurectomy (NEU), or both (TEN-NEU). 
Results: Extracellular ground substance increased at the expense of contractile tissue 16 
weeks after surgery, correlating with CaMKII isoform levels. Sheep undergoing NEU and 
TEN-NEU had exaggerated infraspinatus atrophy and increased fast fibers compared 
with TEN sheep. The MCaMKII isoform levels increased with tenotomy, and myoD 
levels tripled after denervation and were associated with slow fibers. 
Discussion: In sheep, denervation did not affect muscle-to-fat conversion after tenotomy 
of the infraspinatus. Furthermore, concurrent neurectomy mitigated the loss of fast 
fibers after tenotomy by inducing a fast-contractile phenotype. 
 
Keywords: fatty infiltration, nerve, tenotomy, regeneration, transcription factor, 
calcium 
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Introduction 
 Full or partial tears of rotator cuff tendons occur relatively frequently, affecting 2 
in 5 persons over 60 years of age 1. Consequently, some functions of the upper 
extremities, specifically the hand, may be severely deteriorated 2. Untreated full-
thickness tendon tears lead to degeneration of the released muscle through the loss of 
muscle fibers/contractile material and a relative increase in fat cells 3,4, which may 
irreversibly affect shoulder function. Increased fat content in rotator cuff muscle after 
tendon release is associated with an altered fiber type distribution 3,5. In addition, nerve 
dysfunction due to traction injury or compression 6,7 may be associated with tendon 
rupture. Suprascapular neuropathy has been implicated in 8%-100% of massive rotator 
cuff tears 7. Experimental studies in rodents and sheep have shown that the ablation of 
neuronal input may counteract some degenerative processes, such as the reduction of 
fast-type muscle fibers 8,9 and infiltration 10, in the released skeletal muscle but 
exaggerate muscle atrophy 11 and increase fat content 9,12.  
The molecular processes underlying muscle degeneration after tenotomy and 
denervation are not completely understood 13. Altered expression of gene regulatory 
factors and gene transcripts, especially those involved in myogenic and adipogenic 
processes, may contribute to a better understanding of the cellular mechanisms 
underlying muscle structure changes after impact or the absence of physiological stimuli 
9,12,14. For example, combined neurectomy and tendon release transiently increased 
adipogenic and myogenic transcript expression at 2 and 8 weeks after surgery9. Thus, 
muscular adjustments after tenotomy or neurectomy involve sarcolemma-associated 
factors, such as laminin-2/merosin, which influence muscle activity-dependent 
remodeling of the fiber architecture 15,16. In addition, tenotomy or neurectomy may 
affect molecular aspects of muscle degeneration and regeneration 8, such as 
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calcium/calmodulin dependent kinase II (CaMKII) 17 and tenascin-C 18. These proteins 
are important for neurogenic reactions, such as the increase in fast-type muscle fibers 
12,19,20. 
We hypothesized that the specific molecular reactions associated with the 
degeneration of muscle fibers into fat and fiber type transformations are related to the 
preservation of fast-type muscle fibers. We also hypothesized that the exaggerated 
atrophy in tenotomized infraspinatus muscle is associated with the ablation of neuronal 
drive. We assessed the protein expression levels of factors associated with myogenesis 
in slow and fast-type muscle fibers (myogenin and myogenic differentiation factor 
[myoD]) 12,21, sarcolemmal reactions (laminin-2) 15,22, fat differentiation (isoforms 1 and 
2 of transcription factor peroxisome proliferator-activated receptor gamma [PPARG]) 23, 
and denervation-induced muscle regeneration (tenascin-C and CaMKII) 17,18.  
 
Materials and Methods 
 
Animal Model  
Study protocols were carried out according to Swiss laws on animal welfare and 
approved by the local federal authorities (No. 72/2013). Three intervention groups of 6 
female Swiss alpine sheep (age 25 ± 4 months; Staffelegg, Küttigen (AG), Switzerland) 
each underwent one of the following surgeries on the right shoulder under anesthesia: 
infraspinatus tenotomy (TEN), suprascapular nerve transection (neurectomy; NEU), or 
combined tenotomy and neurectomy (TEN-NEU). Biopsies were collected from non-
overlapping lateral areas of the operated infraspinatus muscle during surgery (pre) and 
16 weeks later (post), biopsies were taken from the operated on and contralateral 
control muscle. These samples were used to characterize muscle composition and 
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determine the relative content of specific proteins by sodium dodecyl sulfate poly 
acrylamide gel electrophoresis (SDS-PAGE)/immunoblotting. Magnet resonance imaging 
(MRI) of the shoulder region was performed at the pre and post time points to assess 
infraspinatus muscle volume. 
 
Surgery  
All surgical procedures were performed via a 15-cm curved incision 2 cm caudal to the 
scapular spine as described previously 11. Sheep in the TEN group underwent 16 weeks 
of tendon release by osteotomy of a small bone chip from the greater tuberosity using an 
oscillating saw. Sheep in the NEU group underwent 16 weeks of denervation by 
suprascapular nerve transection via electrocautery of the scapular spine distal to the 
innervation of the supraspinatus muscle. Sheep in the TEN-NEU group underwent both 
surgical procedures. In the end, the sheep were sacrificed. 
 
MRI 
Sheep were sedated under anesthesia and positioned to orient both scapular spines in 
the imaging plane before both shoulders were scanned using a 3-T system (Philips 
Ingenia 3T with dStream body coil Solution, Philips AG) and processed as described 
previously 3. The 2-mm transverse sections were recorded perpendicular to the glenoid 
cavity using T1- and T2-weighted sequences and smDixon water and Dixon fat pulse 
sequences. The fat fraction at the level of the central tendon and volumes of both 
infraspinatus muscles were computed in transverse Dixon images using a publicly 
available DICOM viewer (OsiriX v.5.6 32-bit, © Pixmeo SARL).  
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Biopsy Handling  
Muscle biopsies (~50 mg) were collected from the lateral areas of the belly region of the 
infraspinatus muscle using a 5-mm Bergstroem needle (Dixons Surgical Instruments 
LTD, Wickford, UK), rapidly frozen in nitrogen-cooled isopentane, and kept individually 
in sealed 2-ml cryotubes (Greiner, Frickenhausen, Germany) at -80°C. Biopsy locations 
were marked with non-absorbable 3-0 sutures to avoid resampling a previously 
manipulated area.  
Consecutive sections were prepared for subsequent analysis in a cryostat 
perpendicular to the major axis of muscle fibers. For the characterization of protein 
content, 25-m-thick cryosections corresponding to a volume of ~10 mm3 were pooled 
and frozen in a 2-ml tube at -80°C (Vaudaux-Eppendorf AG, Schönenbuch, Switzerland). 
For the characterization of muscle composition, pairs of 12-m-thick cryosections were 
prepared from the middle portion of each biopsy and both samples from one sheep were 
mounted on microscopic slides (Superfrost®Plus, Menzel GmbH, Braunschweig, 
Germany), air-dried for 30-60 min at room temperature, and frozen at -80°C until used.  
 
Characterization of Muscle Composition  
Consecutive 12-m-thick sections from frozen muscle biopsies were prepared in a 
cryostat (Leica CM3050S, Leica Biosystems, Muttenz, Switzerland). Biopsies were 
oriented to section most fiber profiles perpendicular to the major fiber axis. Consecutive 
sections were stored at -80°C until processing by one of three methods: the Goldner 
trichrome method, Red Oil O staining, or immunofluorescent double staining for slow 
and fast myosin heavy chains 3,24(Fig. 2-S2). On the stained sections, microscopic fields 
were digitally recorded using an IX50 microscope with a digital camera DP72 (Olympus 
Schweiz AG) operating with Cell Sens Dimension software (Version 1.6, Olympus 
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Corporation). Images were exported as TIFF files in Adobe Photoshop CC (Adobe 
Systems Incorporated) to identify the area percentage of muscle cross sections covered 
by slow- and fast-type muscle fibers, connective tissue, and lipids using manual-directed 
identification of the stained areas with the lasso tool. Areas where fiber profiles were 
sectioned in a longitudinal fashion (i.e., with a circularity <0.6) were excluded from the 
analysis. Numbers from the different fields were summed for the cellular structures to 
calculate the respective percentages for the entire cross section/biopsy. The percentage 
of extracellular ground substance of the connective tissue was calculated as the 
difference between the area percentage of lipids and area percentage of connective 
tissue.  
 
Protein Detection  
Total homogenates were prepared and proteins were separated on 7.5% SDS-PAGE gels. 
Each lane contained 20 µg of denatured total protein. Each gel included both samples 
from one sheep for each of the three interventions in adjacent lanes. Proteins of interest 
were detected by immunoblotting with specific antibodies based on enhanced 
chemiluminescence as described previously 25,26. The following primary antibodies were 
used: Tenascin-C antibody B28.13 (gift from Prof. R. Chiquet-Ehrismann), laminin 
antibody (PA1-32130, Thermo Fisher, Life Technologies Europe B.V., Zug, Switzerland) 
recognizing the 2 (150 kDa) and β1/γ1 (200 kDa) subunits 27,28, PPARG antibody (LS-
C178333, Lifespan Biosciences Inc., LabForce AG, Nunningen, Switzerland), myogenin 
antibody F5D (SC-12732, Santa Cruz Biotechnology, LabForce AG, Nunningen, 
Switzerland), myoD antibody (SC-304, Santa Cruz Biotechnology, LabForce AG, 
Nunningen, Switzerland), CaMKII antibody (#611293, BD Biosciences, Allschwil, 
Switzerland), and skeletal alpha actin (A-2172, Sigma, Buchs, Switzerland). Horseradish 
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peroxidase-conjugated goat anti-rabbit (#55676, MP Biomedicals, Zurich, Switzerland) 
or goat anti-mouse (#9917, Sigma, Buchs, Switzerland) secondary antibodies were used. 
Tenascin-C, PPARG (Fig. S3), and myogenin were detected on the same blot after 
separating the respective areas using scissors. The laminin isoforms and myoD were 
detected on the same blot, but CaMKII was analyzed separately. For the detection of 
skeletal alpha actin, membranes were stripped before antibody incubation. The 
efficiency of protein loading was visualized by Ponceau S staining. The band intensity of 
the tagged protein was background-corrected and related to the band intensity of 
sarcomeric actin.  
 
Protein Localization  
Paraformaldehyde-fixed and goat serum-absorbed muscle sections were double-stained 
by incubation with fast-type myosin antibody (#M4276, Sigma, Buchs, Switzerland or 
#ab91506 Abcam, Cambridge, United Kingdom) and an antibody against CaMKII 
(#611293, BD Biosciences, Allschwil, Switzerland), myoD (SC-304, Santa Cruz 
Biotechnology, LabForce AG, Nunningen, Switzerland), or tenascin-C (#473, gift Prof. 
Matthias Chiquet) 29, followed by a mix of Alexa Fluor 555-coupled anti-mouse and Alexa 
Fluor 488-coupled goat anti-rabbit antibody (#A21425 and #A11017, Life 
Technologies) as described previously 30,11. Nuclei were counter-stained with Hoechst 
33342 (#62249, Thermo Scientific). Immunofluorescent images were recorded from 
non-overlapping microscopic fields on the excited sections for the red, green, and blue 
channels using a fluorescent microscope (Olympus IX50) with a DP72 digital camera 
operated by Cell Sens Dimension software (version 1.6, Olympus, Volketswil, 
Switzerland). The different channels of the recorded images were assembled using 
image J (http://rsbweb.nih.gov/ij/). Fibers in the phase contrast image that did not stain 
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for fast-type myosin were classified as slow-type muscle fibers. The association of the 
detected protein with muscle fibers was assessed by counting single- or double-positive 
fast and (unstained) slow-type fibers after processing the images with Image J. Counting 
was done in a dark environment on a 24-inch 1920x1080 60Hz LED Monitor (ACER, LG 
Electronics).  A transparency with a grid of squares (10.65 x 10.65 cm) was laid on the 
monitor to manually count and mark stained muscle fibers. On average, 541 fibers were 
counted per section. The observer error for assessing the associations between CaMKII 
and slow and fast-type muscle fibers was below 2%. 
 
Statistical Analysis 
All statistical analyses were performed using SPSS (version 22, IBM corporation) or MS-
Excel (Kildare, Ireland). Values are presented as mean ± standard error (SE). The actin-
related expression levels of the detected proteins were normalized to the mean values of 
the pre-samples for the six respective immunoblots, pooled, and the resulting values 
were related to the median pre-values for the respective intervention to determine the 
relative expression levels per contractile material 31. Effects of time and intervention 
were analyzed by a repeated ANOVA for the factor “intervention group” (TEN, NEU, 
TEN-NEU) and repeated factor “time-point” (pre, post). Effects were localized using a 
Fisher’s post-hoc test. Differences were significant if p < 0.05. Interrelationships 
between the 6 cellular and 10 molecular parameters were calculated based on a Pearson 
correlation analysis of the measures from all 36 (biopsy) sample points and considered 
significant if they passed Bonferroni-corrected p-values of 0.05, calculated by dividing 
the estimated p-value by the number of unique comparisons. Chi-squared was used to 
identify whether an association effect existed between fiber type and the localization of 
the protein of interest (CaMKII, myoD). G-tests were then used to localize the effect. 
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Results 
 
Animals  
The body mass increased for the intervention groups undergoing tenotomy when 
comparing the values at surgery and 16 weeks post-surgery  (45.3 ± 1.8 vs. 55.7 ± 1.8 kg, 
p<0.001 for the TEN group and 55.5 ± 1.9 vs. 60.0 ± 1.9 kg, p<0.001 for the TEN-NEU 
group). In the NEU group the corresponding values were 56.3 ± 1.5 vs. 60.7 ± 2.3 kg 
(p=0.115). 
 
Muscle Anatomy 
The volume of the infraspinatus muscle decreased from 166 ± 6 to 130 ± 8 cm3 in the 
TEN group. Compared with this change of -22 ± 8%, the infraspinatus volume decreased 
more in the NEU (-53 ± 8%) and TEN-NEU groups (-51 ± 16%; Fig. 1). Sixteen weeks 
after the intervention, the fat fraction in the central region of the infraspinatus muscle 
was increased in the TEN group (from 12% to 50%), TEN-NEU group (13% to 46%), and 
NEU group (13% to 40%). 
 
Muscle Composition 
In the biopsy samples, the area percentage of connective tissue increased similarly in all 
intervention groups after 16 weeks with a concurrent loss in contractile tissue (Fig. 2). 
The area percentage of extracellular ground substance also increased after all three 
interventions: to 32% (+387%) in the NEU group, 33% (+389%) in the TEN-NEU group, 
and 41% (+457%) in the TEN group (Fig. 3A). In the TEN group, the area percentage of 
lipids increased to 31% (+292%), but this parameter was not affected in the NEU (p= 
0.35) or TEN-NEU groups (p=0.16, Fig. 3B). In the two NEU groups, cells were identified 
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that were defined by a basal lamina but did not contain cytoplasmic material or stain for 
lipids (Fig. 3C,D). In the TEN group, the area percentage of fast-type muscle fibers 
decreased by 26% (Fig. 4). In the NEU and TEN-NEU groups, the area percentage of 
slow-type muscle fibers decreased by 7% and 18%, respectively. The area percentage of 
hybrid slow-/fast-type fibers increased in the NEU and TEN-NEU groups, but not the 
TEN group (Fig. 4).  
 
Protein Expression 
The targeted proteins were detected in all samples (Fig. 5). Intervention-specific 
upregulation was measured 16 weeks after surgery (Fig. 6). There was an interaction 
effect between the ‘intervention group’ and ‘time-point’ (p=0.016) that was explained by 
the larger effect of combined neurectomy and tenotomy on protein expression. The 
expression of myoD increased in denervated muscle (NEU: +217%, NEU-TEN: +242%); 
whereas, the levels of the beta M isoform of CaMKIIMCaMKII) increased in the 
tenotomy groups (TEN: +124%, NEU-TEN: +112%). The levels of thedelta isoform of 
CaMKIICaMKII) and isoforms 1 and 2 of the adipocyte differentiation marker PPARG 
increased only in the TEN-NEU group (+119%, +84%, and +81%, respectively). The 
relative abundances of the CaMKII isoforms were 23% (MCaMKII), 47% (CaMKII), and 
30% (CaMKII). The level of 2 laminin increased in the TEN (+40%) group.  
 
Protein Localization 
The localization of the myoD and CaMKII proteins demonstrated intervention-specific 
regulation. MyoD was detected in nuclei and associated with muscle fibers (Fig. S4). 
CaMKII was detected close to the sarcolemma and strong immune-reactive sarcoplasma 
within certain muscle fibers (Fig. S4). Sixteen weeks after neurectomy (NEU or TEN-
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NEU), nuclear myoD staining was more frequently associated with slow-type muscle 
fibers than fast-type (18% and 12%, respectively); while, sarcoplasmic CaMKII staining 
was more abundant in slow muscle fibers than fast-types (25% and 12%, respectively).  
 
Interrelationships 
Correlations between and within molecular and cellular parameters are provided in 
Tables S1 and S2. The most inter-connected parameter was the area density of muscle 
fibers and volume of the infraspinatus muscle. Parameters that greatly contributed to 
the characteristics of normal muscle (i.e., the area percentage of muscle fibers and 
muscle volume) negatively correlated with the characteristics of muscle degeneration 
(i.e., the area percentage of lipid and extracellular ground substance; Table S1). The fat 
fraction more strongly correlated with the area percentages of connective tissue and 
extracellular ground substance than the area percentage of lipids. Conversely, the area 
percentage of muscle fibers positively correlated with the area percentage of slow- and 
fast-type muscle fibers and muscle volume (Table S1). Muscle volume and the area 
percentage of muscle fibers negatively correlated with the expression of MCaMKII 
(Table S1). Conversely, the area percentage of extracellular ground substance positively 
correlated with PPARG1, myoD, and  and CaMKII. All interrelated protein levels had 
positive correlations (Table S2).  
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Discussion 
 
The skeletal muscle phenotype is brought about by use-related mechanical and 
metabolic cues during nerve-evoked contractions 12,32. Here, ablation of neuronal input 
to the infraspinatus muscle in sheep produced a specific pattern of cellular alterations, 
including changes in the area percentage of muscle fibers and extracellular ground 
substance, muscle volume, and the levels of the myogenic transcription factor myoD. 
Notably, increases in protein levels were generally higher when neurectomy was 
combined with tenotomy, but this did not manifest at the level of muscle composition. 
However, tenotomy induced a specific increase in sarcoplasmic reticulum-associated 
MCaMKII; although, it did not affect expression of tenascin-C, a denervation-associated 
extracellular matrix (ECM) protein 16,18. 
The group-specific changes in the expression of the  and δ CaMKII isoforms, 
especially the “subtractive” effect of denervation on CaMKII levels and the additive 
effect on CaMKII levels, are consistent with the reported expression of CaMKII isoforms 
14 days after denervation in mouse plantaris muscle 33. All CaMKII isoform levels 
positively correlated with the area percentage of hybrid fibers, indicating muscle 
degeneration 34. The level of MCaMKII, which regulates the sarcoplasmic calcium pump 
20, also correlated with muscle volume and the area percentage of fast muscle fibers 
(Table S1), but not slow muscle fibers (P=0.15). In models of muscle plasticity, it was 
implied that CaMKII protein levels reflect the calcium-inducible CaMKII activity 35,36. 
Therefore, our findings indicate that alterations in the fiber-type and muscle volume 
after neurectomy and/or tenotomy are reflected by an increased capacity for calcium-
regulated signaling/handling by distinct CaMKII isoforms, as reviewed by Eilers et al 37. 
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The CaMKII isoforms are possible mediators of the calcium-regulated fiber type 
transformations 38,37. In particular, CaMKII isoforms are associated with the regulation 
of gene expression 37 and demonstrate muscle-type specific expression, which is 
modified by denervation in chickens and mice 17,20,33. The CaMKII protein was the most 
abundant CaMKII isoform in the present study (Fig. 5). The elevated 
immunofluorescence for CaMKII in the sarcoplasm of slow-type muscle fibers (Fig. S4) is 
consistent with the localization of CaMKII protein 39 and the enhanced CaMKII 
expression in the sarcoplasm of regenerating muscle fibers 39. Collectively, our findings 
indicate that enhanced CaMKII levels contribute to the activation of a fast-contractile 
gene program in tenotomized and denervated infraspinatus muscle. 
Histological analysis demonstrated that the increased area percentage of connective 
tissue in the lateral muscle region of sheep in the two neurectomy groups was explained 
by an increased area percentage of extracellular ground substance and not by 
alterations in the area percentage of lipids (compare Fig. 3A and 3B). These microscopic 
findings contrast previous MRI- and CT-based measurements of the fat fraction, showing 
that fatty infiltration in the central tendon region of the infraspinatus muscle increased 
from 13% to 40% in the NEU group 16 weeks after surgery 11. Notably, the fat fraction in 
the central tendon portion of the studied bi-pennate muscle correlated better with the 
area percentage of extracellular ground substance than lipids in the biopsy sample 
(r=0.88 vs. 0.50; Table S1). Disconnected reactions between the extracellular ground 
substance and lipid processes are supported by qualitative observations in the biopsies 
from the NEU group, showing that cells with a size and boundary corresponding to 
muscle fibers did not demonstrate cytoplasmic staining with Goldner trichrome or Red-
Oil. This observation is in line with previous publications on the effect of denervation on 
the soleus muscle in rats 40. We identified a correlation between the area percentage of 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
extracellular ground substance and the total concentration of PPARG1 and 2 41,42, as they 
were up-regulated in the TEN-NEU group. Thus, the combination of neurectomy and 
tenotomy increases the capacity for adipogenesis in a manner that may not be confined 
to fat cells, and could include adipogenic progenitors in the interstitium 43,44. 
The increased levels of 2 laminin in the TEN group are in line with the increased 
expression of ECM proteins after tendon rupture 45. Expression of tenascin-C, which is 
associated with muscle fiber and nerve regeneration in denervated muscle 16,18, was not 
significantly affected 16 weeks after surgery in the intervention groups. However, 
tenascin-C protein levels correlated with 2 and 11 laminin levels, the area 
percentage of extracellular ground substance, and the myogenic transcription factors 
myoD, myogenin, and PPARG1/2. These observations are consistent with myogenesis 
and connective tissue reactions being coordinated by a process involving tenascin-C in 
damaged muscle 25, but do not support major alterations in muscle regeneration 16 
weeks after tendon release.  
Regarding myogenesis, there were interesting correlations between the levels of the 
myogenic regulators myoD and δ/CaMKII and denervation-specific effects on the area 
percentage of extracellular ground substance and muscle fibers, and muscle volume. 
Elevated levels of CaMKII isoforms and myoD were associated with increased fast-type 
myosin heavy chain expression during muscle regeneration 25,37. We identified 
associations between nuclear myoD and sarcoplasmic CaMKII and slow-type muscle 
fibers in the TEN-NEU group 16 weeks after surgery. Thus, increased expression of 
myoD, and possibly CaMKII, reflect a fast-contractile gene program induced by 
neurectomy in slow-type muscle fibers. These molecular reactions may help us to better 
understand the mechanism through which nerve transection preserves the area 
percentage of fast-type muscle fibers in the released infraspinatus muscle (Fig. S5).  
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Our study has some limitations. First, biopsy samples were collected from a single site 
per muscle and time point. It could be argued that this is not representative of 
alterations over the entire muscle due to regional anatomical differences 46. We also 
noted a difference in the type I/II fiber composition at the pre-sample point in the TEN 
group compared with the NEU and TEN-NEU groups. Differences between the more 
abundant slow and fast-type fibers were not significant at the pre-sample point, 
suggesting that these did not affect the identified effects of the interventions on  fiber 
type distribution and molecular markers.   
In conclusion, our molecular observations in sheep suggest nerve injury makes a 
minor contribution to the pathological remodeling of muscle after experimental release 
of the rotator cuff muscle. Furthermore, our findings support that transection of the 
suprascapular nerve offsets, at least in part, adjustments in muscle quality after tendon 
release. These reactions are not complete 16 weeks after surgery. Elevated expression of 
myoD and CaMKII in slow fiber-associated nuclei and sarcoplasm, respectively, indicates 
that neurectomy activates a fast-contractile gene program that mitigates the loss in the 
area percentage of fast muscle fibers but does not prevent the removal of contractile 
material.  
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Abbreviations 
ANOVA: Analysis of variance 
2laminin: alpha 2 isoform of laminin 
11 laminin: beta 1 / gamma 1 isoform of laminin 
MCaMKII: beta M isoform of CaMKII 
CaMKII: calcium/calmodulin dependent kinase II 
CT: computed tomography 
ECM: extracellular matrix 
CaMKII: delta isoform of CaMKII 
CaMKII: gamma isoform of CaMKII 
MRI: magnetic resonance imaging 
myoD: myogenic differentiation factor 
NEU: neurectomy 
PPARG: peroxisome proliferator-activated receptor gamma 
SDS-PAGE: sodium dodecyl sulfate poly acrylamide gel electrophoresis 
TEN: tenotomy 
TEN-NEU: combined tenotomy and neurectomy 
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Figure legends 
 
Figure 1: Alterations in muscle volume. Data are presented as the median + standard 
error (box and central line) and minima/maxima (whisker) of the percent difference in 
infraspinatus muscle volume at 16 weeks post-surgery vs. pre-values in the three 
intervention groups that underwent tenotomy (TEN), neurectomy (NEU), or combined 
tenotomy and neurectomy (TEN-NEU). †p<0.05 vs. TEN. 
 
 
 
Figure 2: Changes in connective tissue and contractile tissue. Stapled bar graph of the 
mean + standard error for the area percentages of connective and contractile tissue pre- 
and post-surgery for the three intervention groups that underwent tenotomy (TEN), 
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neurectomy (NEU), or combined tenotomy and neurectomy (TEN-NEU). * denotes 
p<0.05 vs. pre (ANOVA with post-hoc test of Fisher). N=6 per group.  
 
 
Figure 3: Alterations in lipid and extracellular matrix compositions. (A) The median 
+ standard error (box and central line) and minima/maxima (whisker) difference in the 
area percentage per total cross section for extracellular ground substance (ECM) and (B) 
lipids in the connective tissue of the infraspinatus muscle before (pre) and 16 weeks 
after (post) surgery in the three intervention groups that underwent tenotomy (TEN), 
neurectomy (NEU), or combined tenotomy and neurectomy (TEN-NEU). (C) Microscopic 
fields of Red Oil O and (D) Goldner-stained consecutive sections in the TEN-NEU group 
16 weeks after the intervention. Black arrows indicate the region corresponding to the 
red stained lipids. The thick green arrow indicates the green-stained ECM. Thin green 
arrows indicate circular structures, which are defined by a red basal lamina cylinder in 
(D), but do not demonstrate red cytoplasmic Goldner trichrome staining. *p<0.05 vs. pre 
(ANOVA with post-hoc Fisher test). N=6 per group. †p<0.05 vs. TEN. 
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Figure 4: Alterations in muscle fiber composition. Area percentages of slow-type, fast-
type, and hybrid type muscle fibers from infraspinatus muscle per contractile tissue at 
16 weeks post-surgery vs. pre-values in the three intervention groups that underwent 
tenotomy (TEN), neurectomy (NEU), or combined tenotomy and neurectomy (TEN-
NEU). N=6 per group. *p<0.05 vs. pre. †p<0.05 vs. TEN.  
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Figure 5: Protein detection. Example immunoblots visualizing the assessed markers of 
denervation-induced muscle regeneration (A, tenascin-C; B, M, , and CaMKII), fat cell 
differentiation (C, PPARG1/2), sarcolemmal remodeling (D, 2, and 11 laminin), and 
myogenesis (E, myogenin; F, myoD) in pre- and post- surgery samples of infraspinatus 
muscle for all three intervention groups that underwent tenotomy (TEN), neurectomy 
(NEU), or combined tenotomy and neurectomy (TEN-NEU). The internal reference 
sarcomeric actin is shown below the blots. The names and sizes (in kilodaltons, kDa) of 
the protein bands of interest are noted on the right and left, respectively.  
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Figure 6: Changes in protein levels. Data are presented as the mean + standard error 
for the expression levels of the assessed proteins relative to skeletal alpha actin. A-C) 
Expression values for the proteins pre- and 16 weeks post-surgery in the groups that 
underwent tenotomy (A), neurectomy (B), or combined tenotomy and neurectomy (C). 
N=6 per group. *p<0.05 vs. pre. †p<0.05 vs. TEN. Note the larger effect of the 
combination of tenotomy and neurectomy on protein expression levels in the post-
surgical samples. 
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